Background: Recent European guidelines on diabetes, prediabetes, and cardiovascular disease developed for the European Society of Cardiology (ESC) in collaboration with the European Association for the Study of Diabetes (EASD) significantly changed some concepts on risk stratification, lipid goals, and recommendations for the use of lipid-lowering drugs. The objectives of this work were to describe the lipid-lowering treatment prescribed for patients with diabetes and to determine the percentage of patients that achieved the lipid goals recommended by the 2019 ESC/EASD Guidelines on Diabetes in real and simulated scenarios. Methods: A multicenter, cross-sectional study was performed. Subjects >18 years with type 2 diabetes were included. The recommendations of the 2019 ESC/EASD Guidelines were followed. The real and simulated (ideal setting using adequate doses of statins ± ezetimibe) scenarios were analyzed. Results: Overall, 528 patients were included. In total, 62.5% of patients received statins (17.1% high intensity). Most patients were stratified as "very high risk" (54.2%) or "high risk" (43.4%). Only 13.3% achieved the double lipid goal (LDL-C and non-HDL-C goals according to the risk categories). In the simulation analysis, the proportion of subjects that did not reach the therapeutic objective decreased in all risk strata, although a considerable proportion of subjects persisted outside the target. Conclusion: The difficulty of achieving lipid goals in diabetic patients was considerable when applying the new guidelines. The situation would improve if we optimized treatment, but the prescription of new lipid-lowering drugs could be limited by their high cost.
Introduction
Consistent data have demonstrated the efficacy of statins in preventing cardiovascular events in patients with diabetes. A meta-analysis including patients with diabetes demonstrated that a statin-induced reduction of cholesterol bound to low-density lipoproteins (LDL-C) by 1.0 mmol/L was associated with a 9% reduction in all-cause mortality and a 21% reduction in the incidence of major cardiovascular events [1] .
Scientific organizations issue management guidelines in order to influence everyday clinical practice professionals. Current guidelines recommend that diabetic patients should receive statins 2 of 10 to lower LDL-C [2, 3] . The choice of the type and dose of statin or the therapeutic objective to be reached varies according to the risk of the diabetic patient. However, management of dyslipidemia is suboptimal, even in very high risk patients. This is particularly observed for LDL-C, where a large majority of patients do not reach the treatment target [4, 5] .
Further intensification of LDL-C lowering occurs by adding nonstatin drugs with proven clinical efficacy. In the IMPROVE-IT trial, a significant reduction of the primary endpoint event rate in patients with diabetes and recent acute coronary syndrome receiving simvastatin and ezetimibe was reported, with a stronger beneficial effect on outcome than in patients without diabetes [6] . Likewise, a subgroup analysis of two landmark outcome trials with PCSK9 inhibitors demonstrated the efficacy of these drugs in the subpopulation with diabetes and coronary disease treated with statins [7, 8] .
Recent European guidelines on diabetes, prediabetes, and cardiovascular disease developed for the European Society of Cardiology (ESC) in collaboration with the European Association for the Study of Diabetes (EASD) significantly changed some concepts on risk stratification, lipid goals, and recommendations for the use of lipid-lowering drugs [9] .
The objectives of our work were (a) to describe the lipid-lowering treatment prescribed for patients with diabetes, (b) to determine the percentage that achieved the lipid goals recommended by the 2019 European Guidelines on Diabetes, and (c) to analyze the proportion of patients who reached the lipid goals according to the same recommendations but according to a simulation model that estimated the reduction of lipids by adjusting the dose of statins at maximum intensity and adding ezetimibe for those who did not achieve the lipid goal.
Materials and Methods
A multicenter, descriptive, cross-sectional study was performed on consecutive samples obtained in the cardiovascular prevention outpatient clinics of six cardiology centers in the Autonomous City of Buenos Aires and Greater Buenos Aires. Subjects older than 18 years with diagnosis of type 2 diabetes were consecutively included, evaluating clinical and laboratory variables.
In this study, a detailed interview regarding risk profile was performed and all subjects underwent a clinical examination. Weight and height were registered and expressed as body mass index (weight in kilograms divided by height in meters squared). Waist circumference was measured in a horizontal plane, midway between the inferior margin of the ribs and the superior border of the iliac crest. Blood pressure was recorded using an automatic oscillometric blood pressure recorder after at least 5 min of rest on a chair and arm supported at heart level. The blood levels of glucose, total cholesterol, cholesterol bound to high-density lipoproteins (HDL-C), triglycerides, and creatinine were measured according to standardized biochemical tests. The LDL-C was calculated through Friedewald's formula, while non-HDL-C was estimated by the following equation: total cholesterol − HDL-C.
To assess fulfillment of lipid goals and analyze the correct indication of statins, the 2019 ESC/EASD Guidelines on Diabetes were followed [9] . According to these recommendations, patients with diabetes were classified into three groups: Very high risk: patients with diabetes and established cardiovascular disease, other target organ damage, or three or more major cardiovascular risk factors.
High risk: patients with diabetes duration ≥10 years without target organ damage plus any other additional risk factor.
Moderate risk: young patients (<50 years) with diabetes duration <10 years without other risk factors.
The LDL-C targets considered for the analysis were <100, <70, and <55 mg/dL for patients with moderate, high, and very high cardiovascular risk, respectively. On the other hand, the non-HDL-C goals considered for patients with very high, high, or moderate cardiovascular risk were <85, < 100, and <130 mg/dL, respectively.
A simulation model was carried out in order to estimate what the hypothetical decrease in LDL-C would be in an ideal setting using an intensive dose of statins (40/80 mg/day of atorvastatin or 20/40 mg/day of rosuvastatin) in patients who were receiving lower doses (the adjustment in the percentages of decrease in LDL-C varied depending on what the basal dose would have been in real conditions). Likewise, a decrease in LDL-C of 19% was estimated, simulating the theoretical effect of the addition of ezetimibe in those who did not receive it [10] . The non-HDL-C value was estimated by adding 30 mg/dL to the value obtained from LDL-C.
Continuous data were compared between groups, using the t test for normal distribution or the Mann-Whitney-Wilcoxon test for non-normal distribution. Continuous variables were expressed as mean ± standard deviation and categorical variables as percentages. A two-tailed p-value < 0.05 was considered statistically significant. STATA 11.1 and 3.1 EPIDAT software packages were used for statistical analysis.
The study was carried out following the medical research recommendations suggested by the Declaration of Helsinki, the Good Clinical Practice Guidelines, and current legal regulations.
Results
A total of 528 patients (mean age of 62.1 ± 12.7 years, 64.0% men) were included in the study. In total, 37.7% of the population was in secondary prevention (history of coronary heart disease, stroke, or peripheral vascular disease). Average values of total cholesterol, HDL-C, LDL-C, and non-HDL-C were 171.8 ± 43.4 mg/dL, 43.9 ± 12.4 mg/dL, 95.8 ± 38.5 mg/dL, and 127.9 ± 41.7 mg/dL, respectively. The median triglycerides were 139 mg/dL (interquartile range of 100-189 mg/dL). Importantly, 55.7% of the population was obese (body mass index ≥ 30 kg/m 2 ) and 70.3% of patients were hypertensive. The characteristics of the population can be seen in Table 1 . In total, 62.5% of patients received statins, although only 17.1% were medicated with high-intensity statins. This proportion was higher in secondary prevention subjects compared with diabetics without cardiovascular history (23.4% vs. 12.7%; p = 0.04). The medication used in the population can be seen in Table 2 . Most patients were stratified as "very high risk" (54.2%) or "high risk" (43.4%). Only 13 subjects were classified as "moderate risk". The proportion that achieved the lipid goals recommended by the 2019 European Guidelines on Diabetes according to the risk categories is described in Table 3 . In total, only 13.3% achieved the double lipid goal (LDL-C and non-HDL-C goals according to the risk categories). This proportion was higher in men than women (16.0% vs. 8.4%; p = 0.01). Similarly, a great proportion of subjects with a family history of early cardiovascular disease was observed in the group that achieved the double lipid goal (18.6% vs. 10.0%; p = 0.03). No significant differences were observed in the other variables evaluated between the groups with or without the double lipid goal achieved.
The use of statins, mainly those of high potency, was poor in our population. The statin schemes used in the different cardiovascular risk groups are shown in Table 4 . Also, a great proportion of subjects medicated with high-intensity statins was observed in the group that achieved the double lipid goal (28.6% vs. 14.6%; p = 0.003).
The simulation analysis contemplated an ideal scenario where everyone received the appropriate doses of statins, and if they did not reach the lipid target, ezetimibe was added. The proportion of subjects that reached the therapeutic goals increased in all risk strata (Table 5 ).
In total, 45.8% achieved the double lipid goal (LDL-C and non-HDL-C goals according to the risk categories) in the simulation analysis that assumed an adequate dose of statins in all patients. Likewise, the proportion increased to 56.4% when we simulated a clinical scenario where ezetimibe was added for patients who did not achieve the lipid goal. 
Discussion
The main finding of our work was that many patients with diabetes did not achieve the lipid goals proposed by the new European guidelines. This was observed even in the simulated scenario where all patients were treated with statins with or without ezetimibe.
Dyslipidemia is one of the most common cardiovascular risk factors in patients with diabetes and is closely related to the risk of developing major cardiovascular outcomes [11] . Over the last few years, different guidelines have consistently recommended that lipid-lowering therapy intensity and lipid goals should be tailored according to cardiovascular risk profile. In our work, almost all of the patients were stratified with high or very high cardiovascular risk. Consequently, the intensity of the lipid-lowering treatment should be high.
Despite these recommendations, several observational studies reported poor control rates of LDL-C in this clinical setting [4, 5, [12] [13] [14] . This problem becomes more relevant if we consider that achievement of LDL-C goals was associated with better health outcomes among patients with diabetes [15] .
The present work showed that diabetic women were less likely to be on optimal lipid-lowering therapy and consequently less likely to attain lipid goals compared to men. Although there is no recommendation that establishes differences between men and women, similar findings have been reported by other authors [16] [17] [18] .
The reasons why patients with diabetes do not reach the recommended lipid objectives are manifold, highlighting the lack of adherence, medical inertia, and the poor response to statins. A large analysis of a secondary prevention database showed that in the population with diabetes, adherence reached only 55%, and the group of high-risk patients had the lowest levels of adherence [19] . On the other hand, therapeutic inertia, which is the lack of initiation or intensification of treatment by the physician when it is indicated, is common in diabetes care [20] . A Spanish study showed that in 639 patients with diabetes, medical inertia in terms of lipid control was 43.6% [21] . Finally, a study previously published in our country showed that diabetes was associated with a higher probability of obtaining a lower response to statins (hyporesponder subjects), probably related to the increase in intestinal cholesterol absorption observed in patients with type 2 diabetes [22] .
Our findings showed a proportion of patients without adequate statin treatment like in other previously published reports. It is remarkable how this value remains at high levels over time, despite having robust evidence and clear recommendations from different scientific societies regarding their benefits. Likewise, the treatment deficit was also observed with nonstatin drugs. In fact, approximately 10% of our population received ezetimibe.
Recently, new guidelines for management of dyslipidemia were released by the ESC/EASD, proposing lower lipid goals than those recommended in previous guidelines [9] . This dramatic change generated a medical concern for hypothetical potential global impact. According to these new lipid goals, the proportion of subjects that reach the targets could be extremely low with the usual therapies. In that sense, our findings showed that many patients were subtreated and, consequently, lipid goals were poorly achieved. Less than 20% of diabetics classified as high or very high risk achieved the recommended LDL-C goal. Similar findings were observed when analyzing non-HDL-C.
The simulation model using adequate statin treatment showed that we could increase the proportion of very high risk diabetes patients who achieve the LDL-C target of <55 mg/dL from 16.4% to 35.5%. The increase was also observed in subjects with high risk (LDL-C of <70 mg/dL, from 18.8% to 56.8%) and moderate risk (LDL-C of <100 mg/dL, from 30.8% to 100%). Likewise, the simulation model using adequate treatment with statins and ezetimibe further increased the percentage of patients who reached the LDL-C goal. In this context, 51.8% and 73.2% of patients with high or very high risk achieved the recommended objective, respectively. Similar results were observed when analyzing non-HDL-C targets in both simulations.
There have been simulation models developed in Europe and the United States that evaluated patients with coronary heart disease [10, 23] . Unlike these studies, our work exclusively evaluated patients with type 2 diabetes in Argentina.
Less than two years ago, European recommendations suggested considered "thresholds" of treatment to administer new drugs such as PCSK9 inhibitors [24] . These recommendations were based on the concept that the introduction of innovative therapeutic agents for the treatment of chronic disease states in large patient populations has important health economic implications. Patient groups at very high cardiovascular risk are likely to be a priority for this treatment. Likewise, the recent American College of Cardiology/American Heart Association clinical guidelines recognize the importance of considering economic value in making recommendations [2] . All models project higher lifetime costs from use of PCSK9 inhibitors because the cost will exceed any savings from prevention of cardiovascular events. To be cost effective by conventional standards, the cost of PCSK9 inhibitors will have to be reduced on the order of 70-85% in the United States. At any given price, the economic value of PCSK9 inhibitors will be improved by restricting their use to patients at very high risk of cardiovascular events.
It is imperative that better treatment strategies and methods be adopted to enhance diabetes control and reduce long-term complications of the disease. However, according to the findings of our work in an ideal setting, about half of very high risk patients would be candidates for PCSK9 inhibitors according to the new European guidelines. The economic consequences could be important and should be analyzed in the context of the advent of other expensive antidiabetic drugs, such as glucagon-like peptide-1 (GLP-1) receptor agonists or sodium-glucose cotransporter-2 (SGLT2) inhibitors [25, 26] . According to the recently published guidelines on diabetes, prediabetes, and cardiovascular disease, patients with high or very high cardiovascular risk with glycated hemoglobin (HbA1c) greater than 7.0% (53 mmol/mol) should receive these drug groups. In our series, approximately 40% of patients meet these requirements. This number, associated with the percentage of PCSK9 inhibitor candidate patients, gives greater relevance to the above-described economic considerations.
This study had several limitations. First, it was cross-sectional with a moderate number of patients. Second, all participants were enrolled in cardiovascular prevention outpatient clinics of cardiology centers, which may have introduced selection bias. Third, we did not have enough samples to analyze other lipid markers such as apolipoprotein B. Finally, the number of patients classified as moderate risk was very limited.
Conclusions
The difficulty of achieving lipid goals in patients with type 2 diabetes was magnified by the recommendations of the recent European guidelines. This finding underlines the importance of initiatives to establish a more aggressive lipid management strategy. However, even under ideal treatment conditions, the proportion of subjects who should receive new and expensive drugs for the management of dyslipidemia would be considerable.
